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TANTA UNIVERSITY 
FACULTY OK ENGINEERING 
PRODUCTION ENG. & MUCH. DESIGN DEPT'. 


THEORY OF MACHINES 
2" 1 YEAR, 2008-2009 
TIME: 3 HOURS 


final term exam 


I The driving and the resisting torque for a machine are shown in Fie. 1. The 
machine speed is 300 rprn. Find the moment of inertia of the flvwheel if the 
total speed variation is 3%. Also, find the maximum angular acceleration. 

(Mark i 5%) 

3) u lf P° ssible fbr a P inion with 16 teeth and a pressure angle of 20° to drive 
the following and why? 

m rrJL raC ^ , i 2 ’ A gear with a gear ratio of 3 . 

b) For the gear tram shown in Fig. 2, gears C and D are one unit. If the input 

the ou^ut shaft °°° *** ^ ^ f iS h * ld flxed ’ find * e speed of 

3 " mSon* 6 Cam pTOfi!e tD gR ' e 311 ° Sciiiati *g r °ii er follower the following 

a " ?f?’ ar /, m0ti0n thr0ugh w Aguiar displacement of 25° during the first 
120 of the cam rotation with cycloid. 

b ‘ P we]1 motion the next 60° of the cam rotation. 

C " f™ 1 mot !°" to its initial position during the next 120° of the cam 
rotation with S + H,M. motion, 

d- Dwell motion during the next 60“ of the cam rotation. 

radiUS ° f the Cam is 50 mm ' The focation of the pivot of the 
ol lower is 70 mm to the left and 60 mm above the axis of rotation of the 

folWHs 70 STi? T 1 f 0t „ CentCT “ d the mller cente1 ' of the 

IS h} mnl ' The radllls of the roller of the follower is 10 mm. 

(Mark 20%) 

4- For the mechanism shown in Fig. 3, the eccentric circular cam with radius 25 
- 11 a nd eccentricity 1 5 mm rotates at uniform angular velocity of 20 rad/sec 
(cw • The oscillating flat face follower is in the horizontal poskion 

" ;;,f spontaneous centers, and then find the angular velocity of the 
follower 3 and velocity of the block 4 y t 

b ' ofiSbtckS r'“ r th0d ’, fi " d *• vel0cl v »■! «. acceleration 

ot the block 4 and the angular acceleration of the follower 3. 

(Mark 30%) 

5_ sxtstSw ‘”. FiB ' i - find d ™ n8 ,or «“ of*® 2. if. 

S l0 ‘ ce F ~ 500 N JS acta 8 vertically upward on the slider 4. 

(Mark 15%) 
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Fig. 2 


DIM. IN MM. 
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L.'j'i' Lj^fl^Jjl ^Ji f^^ jl ZjLiiql 
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Aii.swcr ftfiHfnvi nt , puestinn^- 
JJie first qm^fmn- 

a W hat are the Carnot principles ? 

^vaientV^ KeiVm ' PJank ynd CliiUS1 ^ siaitmcnis of the second low are 

Thc° e ‘S?s ^th eon a J / e fifeitn ^ p C p “ ^ te[wcen 1000 K and 400 K. 
500 kj. Determine: (a) the Ecmueniure *ni' J C lk " a! tl;tCived by engine A is 

(b) the work or engine A L^ B "* hM ‘ fCjeCled b >' cn ®-» A. 

(c) I he heal rejected by the engine B. 

Iht second 

Def,llC 1 CXtCSS air ’ higher and lower calorific values. 

EXpIjin ^ 10 c,clen,,i| te Ihe CiiJorr Tic value of a solid fuel?. 

A sample of coal having a calorific value of 29700 k 1 ■■!<„ i,.,. 
mass of: C 80%; }\, 4 %• n, W* - v ' U g S a COni Pusitian by 

-S burned in a furna^^^i ^ When the coal 

of the heal energy released that is carried^ way by tCnuegases. ^ I ™ agC 

J be thi rd question? 

" :T"- “'■”«» ■*> - — ««*, p,o.,„ 

b- How does the ideal Ericsson cycle differ from (he Carnot cycle? 

C ‘ '™ r " i,ail ; lid h - a compression ratio of 

irking fluid is at KHJ k Pa 27^"™! °t)m CV "l P ™ ,0n l mcess - ^ 
temperature and pressure of air at -herndrf cm ■ Determine (a) the 
Th . «* - ““ *- efficiency t t ^ 

Hie toi-tli iim-sti...'- * e - 

l~ ^“ ly ,S Car "° l CydC 1,01 a realis,lc for steam power plants? 

’> W h d t is t he cogc rt era t io n cyd e ? 

^haust gas tainX^opemCTde retb™ Un " T' * S ’ eam lUrbi,,f; ullil - t,le 

generator of the steam turbine cvcfc aI Jr",' \ '* Sllppi >' «“ s t() tf >e steam 

»*, Hie pressure ratio for “tie s 7 7 « "“’ l fud is b[lmed in the 

the maximum cycle i, 7 sn’V “ f !" 1CUCrapCr; ' lure is '5 T , and 

raises the gas tempera line to 770 V wo?™ ’“T’ 011 111 ' he StM1 " generators 

chimney at 100 "C steam is sailed o *“* ^ ,hc 8°“* >« ihe 

and the condenser pressure is ( ‘i bur rh'* e<1 '" 1UI ' bl,K at 50 bar > "C, 

I sure is O.I bat. Ihe tsemropic efficiencies of the air 


-1 


t 


rwpmivdy’. ®“ l " rt,inC ’ aiHi Slea, ' n turbi,le are 83% . 86% and 85% 

]nZZ S ^ SUmd thc ^ ^ats -tic of the combustion gases us 
of f Ll rZT re5pe ? lvel8 iind neglectinB the effect of mass flow rale 

7 cf ' P UJ11 P WOf ^ all pressure losses, calculate: 

(;I) 2MMW. ired "° W ° f ;,if a, ' d S,e ™ f ' )r a Power output of 

(b) The power output of each unit, 

(c) I he overall efficiency of (he plant. 

The fifth Question? 

^li> is the throttling valve not replaced bv an isentropic turbine in the 
ideal vapor-refugeraiion cycle ? e Jr1 

b- What Is the reversed Bray ton cycle? 

C “ [l0w Can we ^ease the efficiency of the Rankinc cycle? 

d- A yfrigennor operates on a reversed Co mot cycle between evaporator 
and condenser temperatures of -6 °C and 32 "C, respective! v The. 

to saturated it 1 *' n 11 ”' l34il Whidl chall 8 es tmm saturated 1 vapor 
COP ib qUl ?- aS ■ " ows fhrou § h lllc condenser. Determine (a) the 
-Of (b) the quality of the fluid leaving the expansion process (cl the 
work input to the compressor, in kJ/kg. P ’ ( J ” 5C 


r r ( oq 

hf (kJ/kg) 

b g (kJ/kg) 

s r (kJ/kg. K) 

S, (kJ/kg. K) 

-6 

43.84 

246.91 

0.17489 

0.93497 

32 

y6.4a 

267,62 

0.3573 

0.9181] 
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FACULTY OF ENGINEERING 
PRODUCTION ENG. MECH. DESIGN DEPT. 


THEORY OF MACHINES 
2 Bd YEAR, 2008-2009 
TIME: 3 HOURS 


FINAL TERM EXAM 


.IN rhe driving and the resisting torque for a machine are shown in Fig, i. The 
machine speed is 300 rpm. Find the moment of inertia of the flywheel, if the 
total speed variation is 3%, Also, find the maximum angular acceleration. 

(Mark 15%) 

2- a) Is it possible for a pinion with 16 teeth and a pressure angle of 20° to drive 

the following and why? 

, „ 1 ' f rack , 2- A gear with a gear ratio of 3. 

b) For the gear tram shown in Fig. 2, gears C and D are one unit. If the input 

shaft rotates at 1000 rpm (cw) and gear F is held fixed, find the speed of 
the output shaft. (Mark 25%) 

3- Draw the cam profile to give an oscillating roller foj lower the following 

motion: 5 

a " ?^ a r im0ti ° n through 30 an S ular displacement of 25° during the first 
Ui) o t the cam rotation with cycloid, 

b- Dwell motion during the next 60° of the cam rotation, 

c- Return motion to its initial position during the next 120“ of the cam 
rotation with STEM. motion. 

d- Dwell motion during the next 60° of the cam rotation. 

Ihe minimum radius of the cam is 50 mm. The location of the pivot of the 
o ower is 70 mm to the left and 60 mm above the axis of rotation of the 
cam, The distance between the pivot center and the roller center of the 
o ower is 70 mm , The radi us of the roller of the follower is 1 0 mm. 

{Mark 20%) 

4- For the mechanism shown in Fig. 3, the eccentric circular cam with radius 25 

tewf Tb eRCen 1 t . nclty I 5 U l m rotates at lln h°rm angular velocity of 20 rad/sec 
(cw). The oscillating flat face follower is in the horizontal position 

a- Locate all instantaneous centers, and then find the angular velocity of the 
iollower 3 and velocity of the block 4, J 

b- Using the relative motion method, find the velocity and the acceleration 
ot the clock 4 and the angular acceleration of the follower 3. 

(Mark 30%) 

5 ' to , Fis - 3 ' fi " d ., ti,e drivin8 ,o "i“ 2. »• 

resisting torce F-500 N is acting vertically upward on the slider 4. 

(Mark 15%) 
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Fig, I 


Fig, 2 


R=25 

e=15 

0 = 45 * 


DIM. IN MM. 


Fig. 3 
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Ans wer the follow hag quest inn*’. 

The first qiiwi-mn- 

What are the Carnot principles ? 

^™^|, lilC Kelvin-Plank and Clausius statements of the second low are 

o Two reversible engine A & B operate in series between 1000 K and 400 K 

S Un£ f?“ S ““ ^ ^ — ryed bv engine A is 

rto'.u ' “™ 1I,e - ( a ) thc lem perature of the heat rejected bv engine A 

(b) thc work of engine A and B. “ 

(c) thc heat rejected by tire engine R, 

The second cmestmn; 

a- Define : energy, second law efficiency, and energy destroyed. 

b- Is it possible for the entropy change of a dosed system to be zero during 

irreversible process? Explain? ° aurul § 

" . M f a and 450 ° C al a <*8 kg/s and exit 

kPa and ?<c V t £Elc ^arn is losing heat to the surrounding air at 100 
™ a , a / ate of 300 kW - and the kinetic and potential energy 

wnges are negligible. Determine (a) the actual power output, (b) the 

maximum possible power output, (c) the second law efficiency, fdj the cxervv 
destroyed, and (e) thc exergy of (he steam at the inlet conditions’ n> 

Xbc third questio n? 

fv A'h 4 the dearante V0lliine ’ compression ratio and mean effective pressure 
for reciprocating engines ? ^- bure 

b- How does Lhe ideal Ericsson cycle differ from thc Carnot cycle? ' 

C ' Dl f e * eyde wi[f > aif “ ^ working fluid has a compression ralio of 

~ s%ts s? 

T he forth Question? 

a- Why is Carnot cycle not a realistic model for steam power plants? 

J> What is thc cogeneration cycle? 

C- A combined power plant consists of turbine unit and a steam turbine unit the 
exhaust gas from the open-cycle gas turbine is the supply ^ to "he ste m 
„ rmiamr of the steam turbine cycle at which additional fuells burned in tire 
gas, the pressure ratio for turbine is 7.5, the air inlet temperature is Ti "C and 

^' de temperalurc is 750 X combustion in the steam generators 

^ nn ,f % 0 Tr 10 ; C ^ tlK g; ‘ S ^ **> 

Y' ■ r° C steEim LS su PPl«d to the steam turbine at 50 bar 6G0 V 

“ d ae C0ndenser P“ » 0.1 bar. The tsentropic efficiendYo/™ ah 
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compressor, gas turbine, and Steam turbine are 83 % f 86% and 85% 
respectively. 

Taking the specific heat and the specific heats ratio of the combustion gases as 
111 kJ/kg.K and 1.33 respectively and neglecting the effect of mass flow rate 
of fuel, feed- pomp work, and all pressure losses, calculate: 

(a) the required flow rates of air and steam for a total power output of 
200MW. 

(b) The power output of each unit. 

(c) The overall efficiency of the plant. 

The fifth Question: 

a- Why is the throttling valve not replaced by an isentropic turbine in the 
ideal vapor- refrigeration cycle? 

b- What is the reversed Bray ton cycle? 

c- How can we increase the efficiency of the Rankin e cycle? 

d- A refrigerator operates on a reversed Carnot cycle between evaporator 
and condenser temperatures of -6 "C and 32 °C, respectively, i he 
working fluid is refrigerant- 134a which changes from saturated vapor 
to saturated liquid as it flows through the condenser. Determine (a) the 
COP, (b) the quality of the fluid leaving the expansion process, (c) the 
work input to the compressor f in kJ/kg, 

For refrigerant- 134 a these data can be taken: 


T ( °C) h r (kJ/kg) 

h, (kJ/kg) 

Sf (kJ/kg.K) 

% (U/kg.K) 

-6 43,84 

246,91 

0,17489 

0.93497 

32 , 96.48 

267.62 

0.3573 

0.91811 
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Answer the following: 

C'f (A" V 7 } 

1- i) If / {x ,y ) = u (a t y ) + IV (x , y ) is an analytic function show that - ■ = 0 . 


az 


ii) Find the value of the integrals: 

1 

1- 1 e* dz over the contour c : \z\ = 1 . 

? c 


2 -]' 


I 


+ 3 cos 2 (0) 


d 9 . (20 Marks) 


2- i) Evaluate 


! *('z -1) 


-dz .where a is a constant, for the contours shown in the following 


two injures : 


(20 Marks) 



iii) Prove that: (x ) + 2 [J.‘ (a ) + J\ (x ) + J* (a ) 4 | - u 


3- Find the points at which the following mapping J (z ) = z +— is not eontbrmaL then 

z 

use this mapping to explain that” If the streamlines for a flow around the circle are 
known, then their images under the mapping w = J (z } will be streamlines for a 


flow around the Jotikowski airfoil 11 . 


(20 Marks) 


4- Show that: 
1. 


a , 

(ii) fjr 3 4 da 2 -x *dx = 


fra 


-- - -- 32 

iii) Find the genera! solution of Bessel's differential equation: 


a V 3} (a ) + xy Vi (x ) + (x A --)>-(* ) - 0, 


,C3 


(20 Marks) 


5- i) Use generating function of Bessel functions to prove that: 


in 


A 

Then use it to express: J,. 2 (a )and J ), in terms of sin(A ) and cos(.v). 


ii) Prove that: --—e a r 


(20 Marks) 


With mv best wishes 


Dr r VVahccd K. Zahra 
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